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System Design Description  
 
 
 
Sensor Unit (Motion Monitor) 
 
Sensor – The sensor consists of an accelerometer that records the experienced 
                accelerations in 3 dimensions for the person wearing the Motion Monitor 
 
Microcontroller - The microcontroller serves to time stamp each ADC conversion and 
                              process the data accordingly. The microcontroller also serves as the 
                              interface to the wireless transceiver for transmitting the data to the 
                              Data Logger. 
 
Power Supply – The power supply provides power to all the system components of the 
                           Sensor Unit.  
 
Wireless Transceiver – The wireless transceiver is used to transmit the data to the 
                                       corresponding transceiver of the Data Logger. 
 
Data Logger  
 
Microcontroller – The microcontroller servers to interface with the transceiver and  
                              process the data received by the Motion Monitor. 
 
Memory – The memory is used to store the received data from the Motion Monitor unit.  
 
User Interface – The user interface consists of software used to analyze the recorded 
                            data.     
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Test Data and Analysis for the Motion Monitor IC   
I. MCU ADC Performance Testing and Analysis  
 
Description  
The following is an analysis consisting of signal measurements (in Volts) for each 
individual ADC port of the MCU. The recorded data is based upon two different areas of 
measurement. The first area of measurement was recorded using a multi-meter to 
measure the signal inputted to the individual ADC ports. These measurements were done 
individually so that when one of the ADC ports was being measured, the other two were 
left hanging with no input signal. The second area of measurement was also recorded 
using a multi-meter to measure each signal inputted to the individual ADC ports. 
However, this measurement was recorded with all three of the ports receiving a signal 
simultaneously. Both areas of measurement were then compared to the MCU’s ADC 
outputted value for each port reading. Tables 1, 2, and 3 are the recorded results for the 
ADC ports AIN0.1, AIN0.2, and AIN0.3 respectively. Roughly 8 to 10 samples were 
taken for each port measurement. (Note: All measurements are based upon an ADC 
Voltage Reference of 3.3 volts giving a pertinent input signal range of 0~3.3 Volts.)   
 
Table 1.  AIN0.1 Areas 1 and 2 Measurement Results 
AIN0.1 Area 
1 Input 
Signal 
Measuremen
t(V) 
AIN0.1 Area 
1 ADC 
Output  
Value(V) 
Percentage 
Error 
of Area 1 
(%) 
AIN0.1 Area 
2 Input 
Signal 
Measuremen
t(V) 
AIN0.1 Area 
2 ADC 
Output 
Value(V) 
Percentage 
Error 
of Area 2 
(%) 
0 0 0 0 0 0 
1.158 1.152~1.165  0.604 1.095 1.085~1.097 0.913 
 
1.538 1.529~1.543 0.585 1.581 1.564~1.583 1.075 
2.043 2.017~2.053 1.272 
 
2.013 2.005~2.020 0.397 
 
2.538 2.531~2.542 0.275 
 
2.521 2.511~2.536 0.595 
 
2.855 2.842~2.875 0.700 
 
2.858 2.834~2.877 0.839 
 
3.025 2.996~3.017 0.958 
 
3.018 3.017 0.033 
 
3.254 3.017 7.283 
 
3.260 3.017 7.453 
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Table 2.  AIN0.2 Areas 1 and 2 Measurement Results 
AIN0.2 Area 1 
Input Signal 
Measurement(
V) 
AIN0.2 Area 
1 ADC 
Output  
Value(V) 
Percentag
e Error 
of Area 1 
(%) 
AIN0.2 Area 2 
Input Signal 
Measurement(
V) 
AIN0.2 Area 
2 ADC 
Output 
Value(V) 
Percentag
e Error 
of Area 2 
(%) 
0 0 0 0 0 0 
1.066 1.047~1.064 1.782 
 
1.051 1.040~1.057 1.046 
1.576 1.558~1.574 1.142 
 
1.515 1.488~1.513 1.782 
 
2.148 2.134~2.156 0.651 
 
2.043 2.035~2.050 0.391 
 
2.565 2.552~2.570 0.506 
 
2.515 2.506~2.526 0.437 
2.999 2.978~3.017 0.700 
 
3.002 2.981~3.017 0.700 
3.286 3.017 8.186 3.278 3.017 7.962 
 
 
Table 3.  AIN0.3 Areas 1 and 2 Measurement Results 
AIN0.3 Area 1 
Input Signal 
Measurement(V
) 
AIN0.3 Area 
1 ADC 
Output  
Value(V) 
Percenta
ge Error
of Area 
1 (%) 
AIN0.3 Area 2 
Input Signal 
Measurement(V
) 
AIN0.3 
Area 2 ADC 
Output 
Value(V) 
Percentag
e Error 
of Area 2 
(%) 
0 0 0 0 0~.001 0 
1.065 1.052~1.059 1.221 1.051 1.036~1.05
7 
1.427 
1.507 1.493~1.510 0.929 1.549 1.536~1.55
8 
0.839 
2.020 2.002~2.030 0.891 2.096 2.085~2.10
0 
0.525 
2.565 2.541~2.567 0.936 2.517 2.491~2.53
2 
1.033 
3.095 3.017 2.520 3.028 2.983~3.01
7 
1.486 
3.294 3.017 8.409 3.246 3.017 7.055 
 
Assessment 
From the tables above it can be seen that the MCU ADC ports are accurate to within 
±20mV with a maximum percentage error of 8.4% when measuring the inputted signals 
between 0 and 3.017V. The ADC ports peak at a reading of signals greater than or equal 
to 3.017V. This is the reason behind the 8.4% maximum percentage error. This is fine for 
our intent and purposes given that the accelerometer is expected to generate signals not 
exceeding 2.85V. For the input signals that are smaller than 2.85V, the percentage error is 
always below 2%. 
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II. Testing and Analysis for MCU Output Ports Used for Accelerometer G-Range 
Selection  
Description 
The following section consists of an analysis of the MCU’s ability to assign the  
‘g-Select’ output pins of the accelerometer according to the required swing level setting. 
Although a thorough analysis was performed for each of the three output ports of the 
accelerometer (representing the X, Y, and Z axes of a 3-axis coordinate plane), only the 
analysis of the Z-axis is listed here to avoid redundancy. The elaboration includes an 
analysis of the performance of the MCU’s ability to set the g-Range (‘Swing’ level) for 
the Z-Axis output port of the accelerometer. The Swing setting is based upon the 
previous input signal to the MCU from the Z-Axis of the accelerometer. The following 
table illustrates the relevance of the g-Select pins.  
 
  Table 4. The accelerometers calibration of swing measurement of  
    acceleration based upon the two input pins ‘g-Select1’ and ‘g-Select2’ 
                 acceleration based upon the two input pins ‘g-Select1’ and ‘g-Select2’ 
                 
 
The following series of tables lists the arbitrarily chosen increments in expected voltage 
outputs corresponding to the experienced acceleration from the accelerometer for each  
g-Range (‘Swing’) setting of the accelerometer. The voltage is outputted from either 
output port of the accelerometer representing the X, Y, and Z axes.  
 
 
Table 5. The accelerometer’s expected voltage output based upon the experienced 
acceleration for the ±1.5g g-Range setting (‘Swing Level’ determined by g-
Select pins) 
 Experienced 
accelerations in g  
Voltage Output(V) 
-1.5 0.45 
-1 0.85 
-0.5 1.25 
0 1.65 
0.5 2.05 
1 2.45 
1.5 2.85 
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Table 6. The accelerometer’s expected voltage output based upon the experienced 
acceleration for the ±2g g-Range setting (‘Swing Level’ determined by g-Select 
pins) 
Experienced  
accelerations in g 
Voltage Output(V) 
-2 0.45 
-1.5 0.75 
-1 1.05 
-0.5 1.35 
0 1.65 
0.5 1.95 
1 2.25 
1.5 2.55 
2 2.85 
 
 
Table 7. The accelerometer’s expected voltage output based upon the experienced 
acceleration for the ±4g g-Range setting (‘Swing Level’ determined by g-Select 
pins) 
Experienced  
accelerations in g 
Voltage Output(V) 
-4 0.45 
-3.5 0.6 
-3 0.75 
-2.5 0.9 
-2 1.05 
-1.5 1.2 
-1 1.35 
-0.5 1.5 
0 1.65 
0.5 1.8 
1 1.95 
1.5 2.1 
2 2.25 
2.5 2.4 
3 2.55 
3.5 2.7 
4 2.85 
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Table 8. The accelerometer’s expected voltage output based upon the experienced 
acceleration for the ±6g g-Range setting (‘Swing Level’ determined by g-Select 
pins) 
Experienced  
accelerations in g 
Voltage Output(V) 
-6 0.45 
-5.5 0.55 
-5 0.65 
-4.5 0.75 
-4 0.85 
-3.5 0.95 
-3 1.05 
-2.5 1.15 
-2 1.25 
-1.5 1.35 
-1 1.45 
-0.5 1.55 
0 1.65 
0.5 1.75 
1 1.85 
1.5 1.95 
2 2.05 
2.5 2.15 
3 2.25 
3.5 2.35 
4 2.45 
4.5 2.55 
5 2.65 
5.5 2.75 
6 2.85 
 
The following equation illustrates the relationship between the voltage output of either of 
the three accelerometer outputs representing the x, y, and z axes and the g-Select inputs 
used to set the sensitivity levels of the accelerometer.  
 
 Vout =  
 
E.g. A measurement of 6g gives:  
 
Vout =  = 2.85V 
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During the acceleration measurement, we used an adaptive mechanism to vary the g-
range value according to the actual measurement. The goal is to provide the highest 
resolution without exceeding the limit. Essentially, if the voltage signal outputted from 
either port drops below 450mV, the ‘Sensitivity’ level must increase to the next g-Range. 
Likewise, if the voltage signal outputted from either port exceeds 2850mV, the 
Sensitivity level must also increase to the next g-Range. If the g-range is at its lowest 
setting (±1.5g) and a signal (Vout) is received by the MCU ADC such that:  
450mV ≤ Vout ≤ 2850mV, then the g-Select1 and g-Select2 pins will remain at 0V 
(representing a logic 0) and 0V respectively. Likewise, if the g-range is at its highest 
setting (±6.0g) and a signal of equal to or greater than 2850mV is received by the MCU 
ADC, then the g-Select1 and g-Select2 pins will remain at Vref  (representing a logic 1) 
and Vref respectively. Also, the MCU must be able to decrease the g-Range setting in the 
event that the higher g-Range setting is no longer required due to the accelerometer only 
experiencing accelerations in the limits of a lower g-Range setting. For instance, if the 
accelerometer is set to the ±6.0g g-Range (based upon the g-Select input pin settings 
outputted from the MCU) and the accelerometer is only experiencing accelerations in the 
range of ±4g, the MCU should be capable of setting the g-Select pins to decrease the  
g-Range to ±4g. This allows for the highest sensitivity level possible when measuring 
experienced accelerations from the accelerometer. The following excerpt of coded 
software from the MCU is listed to aid in clarifying the logic (where the variable Swing 
is used to represent the g-Range setting). 
 
    if (gselect[gswing] == 5) // if swing level = +-1.5g 
   { 
     if (mV > 2850  || mV < 450) 
 { 
  Swing = 2; 
       }   
   } 
 
   if (gselect[gswing] == 2) // if swing level = +-2g 
   { 
     if (mV > 2850 || mV < 450)  
 { 
   Swing = 4; 
     } 
 if (mV > 750 && mV < 2550) 
 { 
  Swing = 5; 
 } 
   } 
 
   if (gselect[gswing] == 4) // if swing level = +-4g 
   { 
     if (mV > 2850 || mV < 450)  
 { 
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  Swing = 6; 
   } 
 if (mV > 1050 && mV < 2250) 
 { 
  Swing = 2; 
 } 
   } 
 
   if (gselect[gswing] == 6) // if swing level = +-6g 
   { 
     if (mV > 850 && mV < 2450) 
 { 
  Swing = 4; 
 } 
   } 
    
   gselect[gswing] = Swing;  
 
It is important to note that as the acceleration measurements at three axes are not the 
same, the g-Select pins must be set according to the required setting for each individual 
port and not all the ports simultaneously. The following analysis of the collected data will 
contribute to clarify the functionality.   
 
Z-Axis  
The following list of data was taken during a test run in which the MCU was performing 
ADCs on the three output ports of the accelerometer while the accelerometer was 
experiencing dynamic accelerations. The list is an excerpt from a text file that is 
generated to show the measurements of signals outputted from the accelerometer during 
the test run. The ‘Z-Axis’ signal generated by the accelerometer is fed into the MCU 
ADC port: AIN0.3. It can be seen from the collected data that at 9.82 seconds 
(highlighted in red below) into the test run the outputted voltage is measured as 3017mV 
by the AIN0.3 ADC port of the MCU. The Swing (g-Range) is set for 1.5g (printed as 5 
for simplicity of software purposes). At 9.84 seconds it can be seen that the Swing level 
setting has changed to 2 for the Z-axis (AIN0.3). Note that the Swing level setting only 
changed for the Z-axis port and not the other two ports representing the X and Y axes. 
This is because, only the Z axes port was experiencing a change in g that would require a 
change in the g-Range setting of the accelerometer. At 9.87 seconds, it can be seen that 
the voltage output has exceeded the limit for the ±2g g-Range setting and therefore, at 
9.89 seconds, the g-Range has increased to the Swing setting to 4, representing the ±4g g-
Range. The voltage continues to increase forcing the highest g-Range setting for the 
accelerometer until a Swing of 6, representing the ±6g g-Range is reached at 9.92 
seconds. The ±6g g-Range continues until the accelerometer no longer is experiencing 
the change in acceleration that requires the Swing level of 6. The decrease in Swing 
begins at 10.09 seconds and continues to decrease until 10.16 seconds it reaches the 
Swing setting of 5 representing the ±1.5g g-Range.  
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AIN0.1 voltage: 1554mV Min: 0 Sec: 9.80 Swing: 5 
AIN0.2 voltage: 1564mV Min: 0 Sec: 9.81 Swing: 5 
AIN0.3 voltage: 3017mV Min: 0 Sec: 9.82 Swing: 5 
AIN0.1 voltage: 1531mV Min: 0 Sec: 9.83 Swing: 5 
AIN0.2 voltage: 1538mV Min: 0 Sec: 9.84 Swing: 5 
AIN0.3 voltage: 2779mV Min: 0 Sec: 9.84 Swing: 2 
AIN0.1 voltage: 1531mV Min: 0 Sec: 9.85 Swing: 5 
AIN0.2 voltage: 1559mV Min: 0 Sec: 9.86 Swing: 5 
AIN0.3 voltage: 2952mV Min: 0 Sec: 9.87 Swing: 2 
AIN0.1 voltage: 1562mV Min: 0 Sec: 9.88 Swing: 5 
AIN0.2 voltage: 1569mV Min: 0 Sec: 9.88 Swing: 5 
AIN0.3 voltage: 3017mV Min: 0 Sec: 9.89 Swing: 4 
AIN0.1 voltage: 1543mV Min: 0 Sec: 9.90 Swing: 5 
AIN0.2 voltage: 1579mV Min: 0 Sec: 9.91 Swing: 5 
AIN0.3 voltage: 2952mV Min: 0 Sec: 9.92 Swing: 6 
AIN0.1 voltage: 1596mV Min: 0 Sec: 9.93 Swing: 5 
AIN0.2 voltage: 1579mV Min: 0 Sec: 9.93 Swing: 5 
AIN0.3 voltage: 2938mV Min: 0 Sec: 9.94 Swing: 6 
                        . 
                                    . 
                                    .  
 
AIN0.1 voltage: 1660mV Min: 0 Sec: 10.05 Swing: 5 
AIN0.2 voltage: 1625mV Min: 0 Sec: 10.06 Swing: 5 
AIN0.3 voltage: 2310mV Min: 0 Sec: 10.06 Swing: 6 
AIN0.1 voltage: 1650mV Min: 0 Sec: 10.07 Swing: 5 
AIN0.2 voltage: 1587mV Min: 0 Sec: 10.08 Swing: 5 
AIN0.3 voltage: 2328mV Min: 0 Sec: 10.09 Swing: 4 
AIN0.1 voltage: 1642mV Min: 0 Sec: 10.10 Swing: 5 
AIN0.2 voltage: 1614mV Min: 0 Sec: 10.10 Swing: 5 
AIN0.3 voltage: 2199mV Min: 0 Sec: 10.11 Swing: 4 
AIN0.1 voltage: 1632mV Min: 0 Sec: 10.12 Swing: 5 
AIN0.2 voltage: 1589mV Min: 0 Sec: 10.13 Swing: 5 
AIN0.3 voltage: 1901mV Min: 0 Sec: 10.14 Swing: 2 
AIN0.1 voltage: 1587mV Min: 0 Sec: 10.14 Swing: 5 
AIN0.2 voltage: 1433mV Min: 0 Sec: 10.15 Swing: 5 
AIN0.3 voltage: 2282mV Min: 0 Sec: 10.16 Swing: 5 
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Assessment 
From the data, it can be seen that the output ports of the MCU used to set the g-Range of 
the accelerometer are performing as expected based upon the input voltage signal.    
III. Accelerometer and MCU Performance Testing and Analysis for Static 
Acceleration  
 
Description  
The following is an analysis consisting of signal measurements (in Volts) for each 
individual output of the accelerometer. The accelerometer has three individual outputs 
representing accelerations in a three axes coordinate plane. The recorded data is based 
upon static acceleration for different orientations of the accelerometer. The accelerations 
are represented by a voltage signal outputted from each of the three output ports of the 
accelerometer.  Each of the following series of figures gives an illustration of the 
expected voltage values based upon the illustrated orientation of the accelerometer. This 
is accompanied by a screen shot of the HyperTerminal window showing the ADC results 
as they are inputted to the MCU from the accelerometer. A snapshot of the actual 
accelerometer IC is also included to better illustrate the orientation of the accelerometer.  
(Note: The static accelerations were measured when the accelerometer was set to 
interpret accelerations in the ±1.5g range therefore the ‘Swing’ value illustrated in the 
screen captures of the HyperTerminal Window should be disregarded for this test).  
12 
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a. 
 
 
b. 
 
 
c. 
 
 Figure 1:  Illustration of a. accelerometer orientation and expected voltage output;   
 b. screenshot showing the ADC results (AIN0.1, AIN0.2, and AIN0.3 correspond to the 
X, Y, and Z outputs of the accelerometer, respectively);  c. snapshot of the actual 
accelerometer IC at the time of measurement.   
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a. 
 
 
b. 
 
c. 
 
 
Figure 2:  Illustration of a. accelerometer orientation and expected voltage output;   
                  b. screenshot showing the ADC results in which the ports AIN0.1, AIN0.2, and 
AIN0.3 correspond to the X, Y, and Z outputs of the accelerometer 
respectively; c. snapshot of the actual accelerometer IC at the time of 
recorded measurement.   
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a. 
 
b. 
 
c. 
 
 
Figure 3:  Illustration of a. accelerometer orientation and expected voltage output;   
                  b. screenshot showing the ADC results in which the ports AIN0.1, AIN0.2, and 
AIN0.3 correspond to the X, Y, and Z outputs of the accelerometer 
respectively; c. snapshot of the actual accelerometer IC at the time of 
recorded measurement.   
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a. 
 
b. 
 
c. 
 
 
Figure 4:  Illustration of a. accelerometer orientation and expected voltage output;   
                  b. screenshot showing the ADC results in which the ports AIN0.1, AIN0.2, and 
AIN0.3 correspond to the X, Y, and Z outputs of the accelerometer 
respectively; c. snapshot of the actual accelerometer IC at the time of 
recorded measurement.   
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a. 
 
b. 
 
 
c. 
 
 
Figure 5:  Illustration of a. accelerometer orientation and expected voltage output;   
                  b. screenshot showing the ADC results in which the ports AIN0.1, AIN0.2, and 
AIN0.3 correspond to the X, Y, and Z outputs of the accelerometer 
respectively; c. snapshot of the actual accelerometer IC at the time of 
recorded measurement.   
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a. 
 
b. 
 
 
c. 
 
 
Figure 6:  Illustration of a. accelerometer orientation and expected voltage output;   
                 b. screenshot showing the ADC results in which the ports AIN0.1, AIN0.2, and 
                 AIN0.3 correspond to the X, Y, and Z outputs of the accelerometer  
                 respectively; c. snapshot of the actual accelerometer IC at the time of recorded 
                 measurement.   
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Assessment 
From Figures 1-6 it can be seen that the MCU ADC ports are accurately measuring the 
outputted signals from the accelerometer. The variance of the ADC results from the 
expected values given the different orientations is more than likely due to a combination 
of the offset of the accelerometer on the breadboard and the fact that the orientations 
were implemented by hand giving little regard to precise orientation. It is determined that 
the accelerometer is functioning as expected for static acceleration, or at least to a 
satisfactory precision for our intent and purposes within the system design. The resulting 
accelerations based upon the voltage signals from the accelerometer corresponding to the 
static acceleration test in Figure 1 can be seen in Figure 7 below.  
 
0 5 10 15 20 25 30
-0.15
-0.1
-0.05
a x
 (g
)
Static
0 5 10 15 20 25 30
-0.15
-0.1
-0.05
a y
 (g
)
0 5 10 15 20 25 30
1
1.05
1.1
1.15
a z
 (g
)
time (sec)
    
 
Figure 7: Graph of the accelerations corresponding to the static acceleration test 
illustrated in Figure 1. The blue, red, and black function graphs correspond to 
the accelerations of the x, y, and z axes respectively. From the graph, it can be 
seen that the x and y axes were experiencing very little, if any acceleration 
axis was experiencing roughly 1 g of acceleration (due to gravity).This is the 
expected results for the static orientation of the accelerometer illustrated in 
Figure 1 above. 
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IV. Testing and analysis of the MCU Real-Time Stamp for the ADC Data 
 
Description  
The following is an illustration of the ‘Real-Time Stamp’ for each ADC reading of the 
voltage outputs from the accelerometer. A screen shot of the HyperTerminal Window 
during a ten minute test run can be seen in Figure 8 below. Precisely 1 minute after the 
HyperTerminal Window was opened; the test run of the MCU ADC conversions was 
started. The MCU was allowed to run for 10 minutes before a screen capture was taken.  
 
 
 
Figure 8:  Illustration of HyperTerminal Window during a ten minute test run of the 
MCU ADC readings. From the HyperTerminal screen shot it can be seen that 
the last time stamp is precisely equal to the HyperTerminal clock reading 
minus 1 minute.   
 
 
Assessment 
From Figure 8, a comparison can be made between the last ADC time stamp circled in 
blue and the HyperTerminal Clock circled in red in the lower left corner. The time stamp 
is approximately the same time as the HyperTerminal Window clock, taking into account 
the minute elapsed before starting the test run. The 0.03 second offset is because of the 
manual operation.    
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V. Accelerometer Performance Testing and Analysis for Dynamic Acceleration  
 
Description  
The following is an analysis consisting of signal measurements (in Volts) based upon 
dynamic accelerations for different transitions of the accelerometer. The accelerations are 
represented by a voltage signal outputted from each of the three output ports of the 
accelerometer (representing the X, Y, and Z Axes).  
 
The elaboration below describes the results from the series of dynamic acceleration tests 
involving the MCU and accelerometer IC. This is accompanied by a graph of the 
experienced accelerations from the X, Y, and Z-Axes for each of the transitions. The 
graphed accelerations are based upon the MCUs interpretation of the voltage 
measurements from the accelerometer during the transitions. After continual analysis, we 
came to the conclusion that the Decimation Ratio was not the best solution for time 
stamping the ADC conversions. We then modified the software to time stamp the 
conversions based upon the following relationship:    
 
     ADC0DEC = ((unsigned long) MDCLK / (unsigned long) OWR / 
              (unsigned long) 128) - 1; 
 
   ADCRate = (unsigned long) MDCLK / (128 * ((unsigned long) ADC0DEC     
                + 1)); 
 
Where the MDCLK was set to 2.4576 MHz (modulator sampling rate = 19.2 kHz) 
 
This gave an ADC OWR of roughly 243conversions/second, which means that there are 
expected to be roughly 243 samples transmitted to the Data Logger every second. 
 
Sit-Stand Transition Test  
The first dynamic acceleration test consisted of a sequence of three ‘sit-stand’ transitions. 
The person performing the transitions started out in a sit position holding the breadboard 
with Accelerometer+MCU IC so that the accelerometer was experiencing 0g of 
acceleration for the X and Y axes. The Z axis was experiencing 1g of acceleration due to 
gravity. Figure 9 below illustrates the beginning position of the sit-stand transitions along 
with the previously viewed schematic illustrating the orientation of the accelerometer and 
expected output voltages (when in the sit position). 
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a.   b.  
 
Figure 9:  a. Snapshot of the initial position for the ‘sit-stand’ transition of the dynamic 
acceleration testing and analysis b. schematic of the orientation of the 
accelerometer in the sit position along with the expected voltage outputs  
 
The test subject then began to stand until reaching a full standing position illustrated in 
Figure 10 below. From Figure 10, it can be seen that the orientation of the accelerometer 
was maintained while transitioning from the sit position to the standing position.   
 
 
a.  b.   
Y
Z
Y
Z
X
X
 
Figure 10:  a. Snapshot of the standing position for the ‘sit-stand’ transition of the 
                    dynamic acceleration testing and analysis b. schematic of the orientation of 
                    the accelerometer in the stand  position along with the expected voltage  
                    outputs 
 
In fact, the only significant change in voltage output from the accelerometer was 
expected to be the Z axis output which measured the change in acceleration due to the 
transition from sitting to standing. The sit-stand transitions were performed three times in 
series with a slight pause in movement between each sit and standing position. Figure 11 
below shows the graphs of the accelerations (for each axis) against the time during the 
sit-stand transition test. 
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Figure 11:  Graph of the Accelerations (g) vs. Time (s) during the sit-stand transitions 
                    of the dynamic acceleration testing and analysis  
 
From Figure 11, it can be seen that the X and Y axes output voltages were measured as 
experiencing roughly 0g throughout the 12-sec time test. This is consistent with what was 
expected given that the transitions from the sit to stand position involved negligible 
change in acceleration for the X and Y axes. In contrast, there was considerable amount 
of change in accelerations in the Z-axis during the transitions. Two of the sit stand 
transitions are labeled within Figure 11.   
 
Jump Transition Test  
The second dynamic acceleration test consisted of a sequence of three ‘jump’ transitions. 
The person performing the transitions started out in a crouching position holding the 
Accelerometer+MCU IC so that the accelerometer was oriented in the same position as 
that for the sit-stand transition test (see Figure 9 and 10). Once again; the accelerometer 
was experiencing 0g of acceleration for the X and Y axes. The Z axis was experiencing 
1g of acceleration (due to gravity). The test subject then began to jump (accelerate along 
the Z axis). The test subject attempted to maintain the initial orientation of the 
accelerometer during the jump transition so that only the Z axis was expected to have any 
significant change in acceleration. The jump transitions were performed three times in 
series with a slight pause in movement between each landing and the next jump. Figure 
12 below shows the graphs of the accelerations (for each axis) against the time during the 
jump transition test. A single jump transition is highlighted along with the labels for the 
experienced accelerations.  
Sit  
Stand 
23 
 
Wireless Wearable Motion Sensor for Use in Medical Care 
Assessment 
From the two transition tests described and illustrated above, it is determined that the 
accelerometer is functioning as expected when measuring dynamic accelerations. Further 
nalysis will be done after the system design is completely built.   
  
 the jump transitions 
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Figure 12:  Graph of the Accelerations (g) Vs. Time (s) during
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VI. XBee Module Interference Test 
 
Description  
The reliability of the Wireless Motion Monitor System depends upon the communication 
between the Motion Monitor unit and the Data Logger unit. The collection of data which 
is done by the XBee transmission and receiving has become a significant part of this 
project. However, IEEE 802.15.4 operates in the 2.4GHz license-free industrial, 
scientific, and medical (ISM) band, which is shared by several other wireless standards, 
such as the IEEE 802.11 wireless local area network (WLAN). With the growing 
popularity of home devices with WLAN interfaces, wireless monitoring systems at home 
using the 802.15.4 standard will inevitably face interference from WLAN devices. 
Moreover, most household microwave ovens operate on a frequency of 2.45GHz. The 
interference from microwave ovens at home cannot be ignored. To verify XBee will 
operate under these circumstances; XBee was tested in an apartment and single-house 
environment; in the following manner. 
 
The XBee module interference testing used the components which were provided in the 
XBee 802.15.4 starter development kit. It came with two XBee RF modules. One module 
was used as the “base” module while mounted to a USB board that connects to a PC. The 
other module was used as the “remote” module, functioning as a repeater by looping data 
back for retransmission. We used this kit for point-to-point testing, where data was 
transmitted from the base module to the remote module. The received data at the remote 
module was then transmitted back to the base module. The base module retrieved the data 
and compared it with the data initially sent.  
 
Co-existence with 802.11 
The overlapping frequency allocations of 802.11 and 802.15.4 are shown in Figure 13 
below. Most WLAN wireless routers operate on one of the non-overlapping channels 
such as channels 1, 6, or 11 (each with a 25MHz bandwidth). The 802.15.4 devices in the 
2.4GHz band have 16 non-overlapping channels to choose from, each with a 5MHz 
bandwidth. The output power of 802.15.4 is typically as low as 0dBm, whereas the 
802.11 devices usually operate with a much higher power at 15dBm or above.  
 
 
Figure 13: 802.11 and 802.15.4 channels in the 2.4GHz band. 
  
In order to verify the competence of an XBee module, it was tested in three different 
scenarios. First (under the least favorable of conditions); XBee was tested using the most 
active 802.11 channel and the lowest level of power consumption. Second; it was tested 
using the most active 802.11 channel but operating at the highest level of power 
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consumption. Finally; XBee was tested using the most favorable conditions: operating at 
the highest level of power consumption and using the channel (20) with the least 
interference from WLAN.  In each test run, the base module sent out 1000 identical data 
messages, each with 32 characters in length. The timeout value for data reception was set 
to 100ms. The result for each test case was based on an average of 10 runs.  
 
Apartment 
In the apartment testing environment, all the tests were performed in a one-bedroom 
apartment on a weekend afternoon. The longest distance in the apartment was about 10 
meters, which was within the transmission range of the XBee RF module. Since the range 
was within the limit, the two modules were expected to be able to receive each other’s 
data successfully given the assumption that no interference was present.  
 
During the testing, eight different 802.11g networks were consistently present. Three of 
these networks ranged from good to very good signal strength with two of them operating 
on channel 1 and one operating on channel 11. The five networks with fair but 
recognizable signals were scattered throughout channels 1, 6, and 11. Besides these eight 
networks, a total of nine other different WLAN networks have also appeared during the 
tests.  
 
The first test of the XBee modules was successful on channel 12 with a center frequency 
of 2.41GHz. This was the worst case scenario because the most active 802.11 channel 
was channel 1 with 2MHz. The data success ratio results for the different power levels 
are listed in Table 9 below. When the XBee modules were transmitting at a lower power 
of -10dBm, the average data success ratio was slightly lower and the standard deviation 
was higher. The XBee modules were then tested operating on channel 20 with a center 
frequency of 2.45GHz, which is in the middle of 802.11 channel 6 and channel 11. In this 
case, there was only minor interference from surrounding 802.11 devices: The data 
success ratio was always 100% even when the XBee modules were transmitting at the 
lowest power level of -10dBm (see Table 9 below).  
 
Table 9: Co-existence test results for 802.11 and 802.15.4 in the apartment scenario 
 
Data success ratio Power level 
of Xbee modules 
802.15.4 
Channel mean std. 
0dBm (1mW) 12 99.36% 0.39% 
-10dBm (100μW) 12 99.21% 0.75% 
-10dBm (100μW) 20 100% 0% 
 
Single House 
In the home testing scenario, the base module was in the living room and the remote 
module was in a bedroom in another floor. The distance between the two modules was 
roughly 15-20 feet which was within the transmission range of the XBee RF module. 
Similar to the apartment case, since the range was within the limit, the two modules were 
expected to be able to receive each other’s data successfully assuming no interference 
was present. 
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 The NETGEAR Wireless Assistant Software was used in these measurements to detect 
wireless networks and their corresponding channels in the neighborhoods where the 
testing took place (see Figure 14 below). The software is capable of detecting the number 
of WLANs being used, their strengths, and the channels in which they operate. During 
the testing, four different 802.11g neighborhood networks were present. Most of them 
were using channel 11 including the strongest networks. Therefore to test the 
performance of the XBee in the worst scenario, channel 22 was selected with a center 
frequency of 2.46GHz. The second test case consisted of adjusting the power to a lower 
level while still using channel 22. For the best conditioned case test, channel 20 was used 
with the lower power level. Among the three tests, using channel 20 once again 
demonstrated the best result. The data success ratios can be seen in Table 10 below.  
 
 
 
Figure 14: Netgear Wireless Assistant Software showing the nearby WLAN signals. 
 
Table 10: Co-existence test results for 802.11 and 802.15.4 in the single-house scenario. 
 
Data success ratio Power level 
of Xbee modules 
802.15.4 
Channel mean std. 
0dBm (1mW) 22 99.89% 0.15% 
-10dBm (100μW) 22 99.66% 0.23% 
-10dBm (100μW) 20 99.91% 0.08% 
 
Assessment 
The results show that 802.15.4 devices do experience interference from 802.11 signals. 
However, such interference can be reduced by selecting a channel that is further away 
from the three busiest 802.11 channels.  
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Co-existence with Microwave Oven 
As previously mentioned, microwave is another factor to consider. To test the 
microwave’s (which operates on the frequency of 2.45GHz) effect on the XBee, the 
XBee modules were set to work on channel 20 with a center frequency of 2.45GHz. 
Testing the worst case, the XBee remote module was positioned right next to the 
microwave with the transmission power set to -10dBm. Table 3 shows that when the 
microwave oven was OFF, there was no data loss (Note: channel 20 also experiences less 
interference from WLAN). When the microwave oven was ON, the data success ratio 
was reduced to 96.85% with a high standard deviation of 3.22%. However, if we put the 
remote module to about 2 meters away, the interference from the microwave oven was 
negligible. 
 
Table 11: Co-existence test results for microwave oven and 802.15.4 
                 (power level = -10dBm, channel=20) 
Data success ratio Microwave 
status mean std. 
OFF 100% 0% 
ON 96.85% 3.22% 
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VII. Testing and Analysis for the Xbee Modules Performance with the MCU and 
Accelerometer IC. 
 
The following is an analysis of the Xbee modules’ performance when integrated within 
the MCU and accelerometer IC. Figure 15 below illustrates one of the Xbee modules as it 
was integrated into the accelerometer and MCU IC.   
 
 
 
 
Figure 15:  Snapshot of Xbee module integrated within the MCU and accelerometer IC. 
 
Figure 16 below is a screen capture of the HyperTerminal window during a test run of the 
MCU+Accelerometer+Transmitter Xbee Module IC. The screen capture illustrates the 
data that was transmitted to the receiving Xbee module located approximately 50 ft. away 
with one concrete wall between the two modules.  
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Figure 16:  Screen capture of the acquired data from the MCU+Accelerometer+ Xbee 
                    module during a test to assess the Xbee modules’ ability to transmit data. 
 
The receiving Xbee module was connected to a PC so that the Hyper Terminal Window 
could be used to analyze the incoming data received by the Xbee module. Figure 17 
below is a screen capture of the data (transmitted from Figure 16) as it was received by 
the receiver Xbee Module.   
 
 
Figure 17:  Screen capture of the received data from the Receiver Xbee module during a 
                    test to assess the Xbee modules’ ability to receive data. 
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Assessment 
When comparing the screen captures of both the transmitted data (Figure 16) and the 
received data (Figure 17), it can be seen that there is a significant loss of data when 
transmitting. Despite this, the data that is successfully received is consistent with the data 
that is transmitted. For instance, the transmitted AIN0.3 port is measured as 2507mV at 
6.06 seconds which is consistent with the received data at 6.06 seconds. However, the 
receiver fails to receive the AIN0.1 and AIN0.2 port measurements at 6.04 and 6.05 
seconds from the transmitter. It is worth noting that the MCU was set for a 9600 Baud 
Rate to match the default Baud Rate of the Xbee modules. The MCU was programmed to 
operate at 115200 bps. Furthermore; the data was transmitted using the printf format 
included within the stdio.h header file of the C software (as opposed to just transmitting 
the bytes of data). This contributed to a significant amount more data being transmitted 
than necessary for the completed system design. Transmitting the printf statement format 
of the data allowed for the ASCII code to be converted to legible English so that the data 
could be compared more easily. Therefore the test of the Xbee modules integrated within 
the MCU+Accelerometer IC can be considered a success.  However, more tests are 
needed once the whole system design is completed.  
VIII. Testing and Analysis for the Power Supply Battery Pack  
 
Description  
The power supply was tested by connecting the positive and negative voltages to a  
multi-meter. The power supply consists of a series of batteries as described in the system 
design report. The combined voltage output is 3.7 volts. Porting the wire leads from the 
battery pack will have to be considered during the final PCB design.    
 
Assessment   
The battery pack is functioning as expected. Like the dynamic acceleration testing and 
time stamp of accelerations, it will have to be further assessed upon the completed build 
of the system design (e.g. lifetime between re-charging). 
 
IX. Testing and Analysis for the Power Supply Battery Pack Integrated with the 
Accelerometer and MCU 
 
Description  
The power supply was integrated within the circuit connecting the MCU and 
Accelerometer to test performance. Analysis was done to see if there was any noticeable 
change in behavior by the circuit when replacing the auxiliary power supply with the 
battery pack. This required that soldering be done to the surface mountable voltage 
regulator to also be integrated within the circuit. Figure 18 below illustrates the snapshot 
of the circuit as it was built for the testing and analysis. The blue battery pack can be seen 
clearly in the circuit along with the four capacitors recommended by the data sheet for the 
voltage regulator (when interfacing the voltage regulator to a microprocessor). 
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Figure 18:  Snapshot of the circuit used to test the power supply when integrated with the 
                   MCU and accelerometer IC 
 
Assessment  
Replacing the power pack had no noticeable effect on the performance of the 
Accelerometer and MCU IC. Therefore, it is determined that the battery pack will be able 
to supply the power required for the circuit design. Integrating the Xbee module within 
the circuit will be the final testing and analysis for the battery pack.   
 
X. Testing and Analysis for the Power Supply Battery Pack Integrated with the 
Accelerometer, Xbee Transceiver, and MCU 
 
Description  
The power supply was integrated within the circuit connecting the MCU and 
Accelerometer and Xbee Transceiver to test performance. Analysis was done to see if 
there was any undesired behavior by the circuit when incorporating the Xbee Transceiver 
into the accelerometer, MCU, and power supply circuit.  
 
Assessment  
The IC prototype performed as desired when the Xbee Transceiver was integrated within 
the existing circuit. This was a major milestone in the analysis of the power supply 
performance since the transceiver was foreseen as being the circuit component that would 
consume the most power. Therefore it is determined that the power supply unit will be 
able to drive the circuit as desired.  
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XI. Testing and Analysis for the Motion Monitor Integrated with the Data Logger        
 
Description  
The final test for completing the analysis of the Motion Monitor system design was to 
integrate it within the Data Logger circuit. This allowed for an assessment of the Motion 
Monitors performance within the total system design. This consisted of a thorough 
analysis of the Motion Monitor’s ability to transmit the acquired data to the Data Logger. 
Figure 19 below illustrates an excerpt of 10 data streams sent from the Motion Monitor to 
the Data Logger. 
  
0$X50 0.011473 
0$Y50 0.021188 
0$Z50 0.022479 
0$X50 0.031447 
0$Y50 0.041195 
0$Z50 0.052493 
0$X50 0.061455 
0$Y50 0.061208 
0$Z50 0.072489 
0$X50 0.081468 
Figure 19:  Excerpt of ten different data streams transmitted from the Motion Monitor to 
                   the Data Logger 
     
Each stream of data begins with the hour followed by a $ signifying an ADC conversion 
from the Motion Monitor. This is followed by the axis of the accelerometer (X, Y, or Z) 
that was being measured and then the sensitivity or Swing level of measurement (1 
character) and then the minute (1 to 2 characters) followed by the seconds (3 to 4 
characters) and then lastly the voltage reading (4 characters) for each ADC of the 
accelerometer. Figure 20 below lists the ten data streams received by the Data Logger 
corresponding to the data that was sent from the Motion Monitor.    
 
                                                           0$X50 0.011473 
0$Y50 0.021188 
0$Z50 0.022479 
0$X50 0.031447 
0$Y50 0.041195 
0$Z50 0.052493 
0$X50 0.061455 
0$Y50 0.061208 
0$Z50 0.072489 
0$X50 0.081468 
Figure 20:  Excerpt of ten different data streams received from the Motion Monitor by 
                   the Data Logger. 
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Assessment 
The data received by the Data Logger was compared with the data transmitted from the 
Motion Monitor. This was done by comparing the data stream sent by the Motion 
Monitor (see Figure 19) with the data received by the Data Logger (See Figure 20).    
100% of the compared strings received by the Data Logger matched the data values 
transmitted by the Motion Monitor. Furthermore, 100% of the compared data transmitted 
by the Motion Monitor was actually received by the Data Logger. As a result it is 
determined that the Motion Monitor design meets the specified functionality 
requirements.  
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Test Data and Analysis for the Data Logger IC   
I. Data Logger XBee Module Performance and Analysis 
 
Description  
The XBee module outputs data using the UART interface.  Since the MCU has hardware 
realized UART interface, the MCU and the XBee module can be directly linked together.  
Getting the data to transmit across an RS232 port required a signal converter though.   
 
Assessment 
Signals transmitted across the XBee were received and stored properly on the Data 
Logger.  When the Data Logger was positioned at the edge of the Motion Sensor’s 
transmission range (mid range of 20ft.) some data packets were lost; however, those that 
were received and stored contained no data corruption.  In a side by side comparison of 
what was sent, what was received, and what was stored, 100% of the received data 
matched.  
II. Data Logger SD Card  
 
Description  
The SD card interfacing took the greatest amount of time to be properly implemented.  
No code could be found for interfacing an SD card directly with a Silicon Labs MCU; 
everything had to be written from scratch.  Three sources of information were primarily 
used to generate this code: 
 
1.  Maxim Integrated Products - Application Notes.  “SD Media Format Expands the 
MAXQ2000's Space for Nonvolatile Data Storage.”  [Online] Available: 
http://www.maxim-ic.com/appnotes.cfm/an_pk/3969, 12 January 2007. 
 
2.  NXP Semiconductors.  “AN10406 - Accessing SD/MMC card using SPI on 
LPC2000.”  [Online] Available: 
http://www.nxp.com/acrobat_download/applicationnotes/AN10406_3.pdf, 3 
January 2007. 
 
3.  SanDisk.  “SanDisk Secure Digital Card - Product Manual.”  [Online] Available: 
http://www.cs.ucr.edu/~amitra/sdcard/ProdManualSDCardv1.9.pdf, December 
2003. 
 
The first source consisted of some application notes for interfacing an SD card with a 
Maxim MCU.  No code was found in this resource, but it did contain invaluable 
information about what to send and expect to and from an SD card.  This resource was 
more of an overview of the SPI and SD cards rather than a technical how-to procedure, 
but it was an ideal place to start.  This resource also contained a good summary of the 
format that SD cards use to respond to commands sent to them from SPI masters. 
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The second resource was some sample code for interfacing an SD card with an LPC2000 
MCU thru SPI.  This formed the basis of the SD card driver used in the Data Logger.  
However, only the general flow of the sample code was used as it was written for an 
MCU from a different company and used an entirely different interfacing structure.  Also, 
some of the code was incorrect and had to be rewritten.   
 
The third resource was what was used to refine the code generated from the second 
resource into a stable version.  This is an actual product manual / datasheet for a SanDisk 
SD card.  It is a low level description of how these cards work and how to command 
them thru a SPI.  This is defiantly not a document to start the project with as it takes quite 
a bit of understanding about how everything works together to understand the 
terminology completely.   
 
The following is pseudo-code for how to properly initialize and interface with an SD card 
thru SPI on a Silicon Lab MCU: 
 
InitializeMCU() 
{ 
 Set MCU frequency 
Set MCU timers 
 Enable SPI operation on MCU 
} 
 
InitializeSDCard() 
{ 
 Set SPI frequency to 400 kHz for initialization 
Pull CS line low 
 Send 80 clock pulses to initialize SD card 
 Send command GO_TO_IDLE_STATE and wait for IDLE_STATE response 
 { 
  Send command APP_CMD and wait for IDLE_STATE response 
Send command SEND_OP_COND and wait for READY_STATE  
 response 
 } repeat until READY_STATE is received 
 Set CS line high 
 Set SPI frequency to 25 MHz for application 
} 
 
SendCommand(command, argument, checksum, response) 
{  
Pull CS line low 
Send command 
Wait for response 
 Set CS line high 
} 
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WriteDataBlock(address, data_pointer) 
{  
Pull CS line low 
Send command WRITE_SINGLE_BLOCK and wait for READY_STATE 
Send START_TOKEN 
Transmit data bytes 
Send blank CRC-16 checksum 
Wait for DATA_ACCEPTED response 
 Set CS line high 
} 
 
ReadDataBlock(address, data_pointer) 
{  
Pull CS line low 
Send command READ_SINGLE_BLOCK and wait for READY_STATE 
Wait for START_TOKEN 
Receive data bytes 
Receive blank CRC-16 checksum 
 Set CS line high 
} 
 
Assessment 
The hardest part was figuring out why the SD card sometimes went back into the idle 
state after a successful write command.  The problem was extremely perplexing as simple 
acts such as placing a cout command in the main() loop or placing a call to the delay() 
function at the top of the ReadDataBlock() function caused the program to work 
perfectly.  However, any additional modifications to the code elsewhere in the program 
caused these fixes to stop working.  This problem is probably an issue with either the 
Silicon Labs IDE or the Kiel tool chain and not with the SD card driver that was 
developed for the Data Logger.  As a duct taped fix to this problem, a call to the 
InitializeSDCard() function was inserted after every write command.  This is not an ideal 
solution as it introduces additional overhead into the program.  However, power 
consumption is not an issue with the Data Logger since it will be plugged into an A/C 
power source.  The extra overhead also does not interfere with receiving data from the 
XBee transceiver because that is an interrupt driven implementation.   
 
III. Data Logger RS232 Port  
 
Description  
Getting UART data to transmit across an RS232 port requires a signal converter.  UART 
signals use 0V for false logic and 3.3V for true logic.  RS232 signals use -5V for false 
logic and +5V for true logic.  For this conversion, a MAX233A transceiver IC was used.   
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Depending on the mode of the Data Logger, different components need to talk to the host 
computer across the RS232 port.  For this, a Texas Instrument Logic/Signal 
Multiplexer/De-multiplexer was used.   
 
Assessment 
The RS232 port allows the Data Logger to transmit real-time received data to a host 
computer as well as receive commands from the host computer, depending on the 
operation mode that the Data Logger is in.   
 
An inverter DIP was used instead of the MAX233A IC during development, as the 
MAX233A IC chip that we ordered has not arrived.  HyperTerminal could recognize the 
signal from the Data Logger in this form, but other future applications may not.  Also, 
since improper voltage levels were being sent across the RS232, the chance of a 
component eventually being burned out exists. This can be resolved easily as soon as the 
MAX233A IC chip is received. 
 
IV. Data Logger Component  
 
Description  
The Data Logger has five LEDs for signaling its operation mode and for debugging 
purpose.  In order:  two red, one yellow, and two green.  In normal operation, only one 
green LED is lit.  The first green LED is for Receive Mode, the second is for Transmit 
Mode.  The first red LED lights up when a write error is encountered.  The second is for 
read errors.  The yellow LED is lit when the Data Logger is either physically writing data 
to the SD card or transmitting data to a host computer, depending on the mode.  If all 
three red and yellow LEDs are lit at the same time, the SD card was not properly 
initialized or encountered a terminal error and the Data Logger is in Standby Mode.   
 
The Data Logger can be set to two modes, Receive and Transmit; a third Standby Mode 
also exists as described previously.  Pressing the Data Logger's push-button will switch it 
between its two primary modes.  Switching between these modes also attempts to reset 
the SD card.  If the Data Logger is in Standby Mode, simply ensuring that the SD card is 
properly inserted and pressing the push-button should clear the errors and place the Data 
Logger in the desired mode.  Note:  Currently switching the Data Logger into Receive 
Mode clears out any data previously stored in the SD card.   
 
In Receive Mode, the Data Logger is set to receive data from the XBee module and store 
it onto the SD card.  The Data Out line on the XBee module is sending data to the 
RS232’s Transmit Data pin as well as the MCU’s UART0 Receive Data pin.  As soon as 
the MCU’s data buffer is filled with 512 characters, it stores the data into the SD card.  
This is done because the SD card can only be written to in data block sizes of 512 bytes.   
 
In Transmit Mode, the Data Logger transmits all the data that was previously stored to a 
host computer connected thru an RS232 port.  The MCU’s UART0 Transmit Data and 
Receive Data pins are connected to the RS232’s Transmit Data and Receive Data pins 
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respectively.  In this way, the host computer and the MCU can talk back and forth to each 
other.  Currently, as soon as any character is received across the RS232 line, the Data 
Logger dumps the contents of its SD card to the host computer.  The Data Logger will 
dump the contents of its SD card as many times as it is requested to do so.   
 
The UART signals of the XBee, MCU, and MAX233A components talk to each other 
differently depending on the modes described above.  The Texas Instrument multiplexer 
is used to switch the lines back and forth as requested.  The multiplexer’s switch signal is 
hardwired into the Receive Mode LED.  Figure 21 below illustrates the circuit layout of 
the Data Logger as it was implemented within a breadboard for prototyping.  
 
 
Figure 21:  Data Logger breadboard implementation. 
 
Assessment 
The current software design for the Data Logger should be considered a beta level design.  
Changes will have to be made for a final design as summarized below: 
 
1. A push-and-hold type of implementation should be used to clear the SD card’s 
data pointer instead of simply switching the mode to Receive Mode.  In this way, 
the Data Logger can be switched between the modes several times and still 
contain all stored data until specifically told to overwrite it. 
2. When the mode is switched into Transmit Mode, the Data Logger should populate 
the remaining empty data buffer positions with null values and store it to the SD 
card so that truly all of the received data is stored and available for download.   
3. If a write error is encountered, the Data Logger should endeavor to correct it and 
reattempt to store that data block.  Currently, the offending data block is lost.  (No 
write errors have been encounter yet though.) 
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Motion Monitor PCB Design  
 
Description  
The circuit diagram of the Motion Monitor was first laid out using the MultiSim 
software. The circuit schematic as it was created in MultiSim can be seen in Figure 22 
below.  
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Figure 22:  MultiSim Motion Monitor circuit diagram schematic 
 
The MultiSim files were then used to create the PCB board design using the Ultiboard 
software package. The PCB files can be seen in Figure 23 below. Figure 24 below 
illustrates a 3-D image of the final PCB board prototype for the Motion Monitor. 
 
Assessment 
Certain circuit components could not be tested prior to actually building the PCB (Printed 
Circuit Board). These include the switch for power on/off and the port to interface the 
MCU. The port for the MCU must enable communications between a PC and the board, 
otherwise the software to run the MCU will not be able to be loaded onto the board. 
Likewise, the power switch will have to be tested to ensure that all system components 
will be receiving adequate power upon power up.   
  
40 
 
Wireless Wearable Motion Sensor for Use in Medical Care 
 
 Figure 23:  Ultiboard Motion Monitor PCB layout diagram schematic 
  
 
 
       
 
Figure 24:  3-D image of the final PCB board design for the Motion Monitor 
 
 
41 
 
Wireless Wearable Motion Sensor for Use in Medical Care 
Data Logger PCB Design  
 
Description  
The circuit diagram of the Motion Monitor was first laid out using the MultiSim 
software. The circuit schematic as it was created in MultiSim can be seen in Figure 25 
below.  
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Figure 25:  MultiSim Motion Monitor circuit diagram schematic 
 
The MultiSim files were then used to create the PCB board design using the Ultiboard 
software package. The PCB files can be seen in Figure 26 below.  Figure 27 below 
illustrates a 3-D image of the final PCB board prototype for the Data Logger. 
 
Assessment 
Certain circuit components could not be tested prior to actually building the PCB board. 
These include the switch for power on/off and the port to interface the MCU. The port for 
the MCU must enable communications between a PC and the board; otherwise the 
software to run the MCU will not be able to be loaded onto the board. Likewise, the 
power switch will have to be tested to ensure that all system components will be 
receiving adequate power upon power up.   
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Figure 26:  Ultiboard Motion Monitor PCB layout diagram schematic 
 
     
 
Figure 27:  3-D image of the final PCB board design for the Data Logger  
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PCB Testing for Dynamic Accelerations   
 
Description  
It is necessary to demonstrate the motion monitor’s ability to acquire and process the 
acceleration data for dynamic accelerations. This was previously tested for the prototype 
design but needed to be verified for the final PCB of the Motion Monitor. Static 
acceleration for the PCB was verified just as it was for the prototype. The final PCB of 
the Motion Monitor can be seen in Figure 28 below.  
 
 
 
Figure 28:  Picture of the final PCB of the Motion Monitor   
 
The first test consisted of measuring the accelerations for three jump transitions just as it 
was done for the prototype design. The significant difference between the prototype test 
and the PCB test is in the orientation of the accelerometer. Figure 29 below illustrates 
still images during one of the jump transitions along with the corresponding near 
orientation of the accelerometer.  
                                     
 
Y
Z
X
Figure 29: Illustration of still images during one of the jump transitions along with the 
corresponding near orientation of the accelerometer.   
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A different test subject was used in the PCB test than was used in the prototype test. The 
PCB test subject experienced nowhere near the magnitude in g that the test subject did for 
the prototype test. This is evident in the graphs of the experienced accelerations seen in 
Figure 29 below. This is probably due to the tests subject inability to jump as ‘hard’ as 
the prototype subject and the fact that the PCB test orientation of the accelerometer was 
not nearly as aligned with ‘true up’. Despite this, a relationship can be seen between the 
experienced accelerations from the X axis in the PCB test in Figure 30 below and that of 
the Z axis in prototype test (see Figure 12).  
  
 
 
Figure 30:  The Accelerations (g) vs. Time (s) during three jump transitions 
                    of the PCB dynamic acceleration testing and analysis  
 
Likewise, a number of dynamic accelerations were tested to verify the PCB version of the 
motion Monitor. Figure 31 is an illustration of the ‘jogging in place’ transition test in 
which the experienced accelerations for a test subject jogging in place was graphed 
against time.  
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YZ
X
 
 
Figure 31:  The Accelerations (g) Vs. Time (s) during ‘jogging in place’           
transitions of the PCB dynamic acceleration testing and analysis  
 
 
Assessment  
 
After conducting numerous amounts of dynamic acceleration tests it is determined that 
the completed design of the Motion Monitor does have the capability of possibly 
characterizing movement of a person in need of medical care.   
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Final Test Results 
 
Description 
Testing was performed to completely evaluate our system design and the resulting 
prototype. Testing was performed for unit, integration and the system. The following 
serves as a general outline for the results of the testing procedures in the design of the 
Wireless Wearable Motion Sensor for Use in Medical Care.  
 
Unit Testing 
Unit testing was performed for individual components of the system design. Each 
component was measured for expected performance. This contributed to minimizing 
complications in the integration and system testing. 
 
Unit testing will be performed on the following components to meet design 
specifications: 
 
 The accelerometer, microcontroller, and XBee modules were checked for physical 
defects. All system components were found to be physically intact.   
 The accelerometer was checked for correct outputs based upon orientation. The 
accelerometer voltage outputs compared favorably with the expected voltage 
outputs provided by the manufacture. There is roughly a ±100mV variance 
between the actual accelerometer voltage output and that of the manufacture’s 
listing for expected voltage outputs depending on orientation. This was 
satisfactory for our intent and purposes within the design.  
 The XBee modules were proven to communicate correctly at distances commonly 
found in the likely areas of operation of the design. The Xbee modules were 
proven to be able to transmit with a near 100% reception and near 0%error rate at 
a radius of 50ft. from each other.    
 Capacitors and resistors were verified to be within their tolerances. 
 The battery pack was proven to be able to drive the circuit of the Motion Monitor 
for sixteen hours without having to re-charge. This meets the design 
specifications. 
 
Integration Testing 
Integration testing consisted of measuring the compatibility and resulting performance 
when connecting individual components. Integration testing was a measure of the 
expected functionality of the subsystems that comprise the overall system design. 
 
Integration testing will be performed on the following subsystem components, 
 
Motion Sensor Unit 
 Sensor ↔ Microcontroller 
o The Microcontroller was ensured to be able to communicate with the 
accelerometer. The ideal conversion rate was determined to be:  
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o /OWR = 1/240 ≈ 0.0042s. The actual time stamp due to overhead in 
processing turned out to be: ≈ 0.0055s. This gives the actual time stamp 
error from the ideal expected time stamp of 32%.    
 Microcontroller → Transceiver 
o The microcontroller was ensured to be capable of communicating with the 
Transceivers. 
o The microcontroller was ensured to transmit only specified data. 
 Transceiver → Transceiver 
o The communication between the Motion Sensor Unit and the Data Logger 
was ensured. 
 
Data Logger 
 Transceiver → Microcontroller 
o The transceiver was ensured to communicate with the microcontroller. 
 Microcontroller → Data Storage 
o The microcontroller was ensured to store data in a specified location 
properly. 
 Storage Data → User Interface 
o The PC application was ensured to access the stored data and present that 
data to the user in an intuitive manner. 
 
System Testing 
The overall system was tested as follows:  
1) The system was implemented and tested on a breadboard. 
a. The individual components were tested as described in the Unit Testing 
before the implementation. 
2) The final system, PCB boards, were built and tested, after the breadboard version 
was ensured to be working correctly. 
a. Verified that PCB boards have been printed correctly. 
b. Verified the PCB lead integrity. 
c. Ensured final prototype functions correctly. 
 
System testing requires verification that the overall system design meets the requirements 
previously defined for the project. The following is a list of those requirements as they 
are met:  
 
 The Motion Sensor wirelessly transmits the motion data recorded in real-time.  
 The Data Logger receives and stores the motion data recorded in real-time. 
 Post-time software data analysis is capable of possibly characterizing a person’s     
    movement. 
 The Data Logger’s memory is large enough to process and store the required 
    data. The SD card is capable of storing 2G of data. With an ADC conversion rate of  
    .0055s, the required memory for 16hrs of conversion can be determined to be:  
 
    








test
hr
hrs
s
Conversion
Bytes 16min60
0055.
6014 ≈1.46G  
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      Therefore, the SD card is capable of storing the data for 16hrs. of accelerations. 
 A specialized software application is capable of accessing the Data Logger, 
    downloading the movement data, and analyzing the person’s movement characteristics.  
 The Motion Sensor has a battery life capable of operating for at least 16 hours 
    continuously. 
 The Motion Sensor does not exceed 10 ounces in weight. Its final weight turns out to  
    be just under 7 ounces.  
 The Motion Sensor does not exceed 5.0 x 2.0 x 1.0 inches in size. 
 
Cost Analysis  
 
Project Development Cost Analysis     
Components  Amount ($)    
XBee Development Kit  105.00    
C8051F350 Dev Board  112.00    
USB DEB Kit w/ MCU  Daughter Card  60.00    
Accelerometer (5)  104.00    
Others  30.00    
Total   $411.00    
       
Final Product Cost Analysis 
Components  Quantity  Amount/Unit  Total ($) 
Accelerometer  1 9.25  9.25
Microcontroller  2 9.77  19.54
Xbee Module  2 21.95  43.90
Multiplexer  1 0.93  0.93
RS 232 transceiver  1 3.00  3.00
Power Jacket  1 0.50  0.50
Battery Pack  1 20.00  20.00
Battery Charger  1 23.95  23.95
5V Power Supply  1 5.00  5.00
Voltage Regulator  2 7.13  14.26
C2 Connector  2 1.66  3.32
Capacitor  11 0.52  0.77
Resistor  9 0.07  2.16
LED  6 0.24  1.44
Total         $148.02
 
 
 
